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Abstract 
In this paper, a modeling and computational framework is presented to simulate the three-dimensional motion of a 
cricket ball. The framework is based on a volumetric contact dynamic model implemented in a modular and 
component-oriented commercial simulation tool. Aerodynamic drag forces, Magnus forces, and contact forces and 
torques are included in this model. The presented model has excellent portability and expandability. A volumetric 
contact model is used to evaluate the ground reactions and friction forces acting on the ball during the contact. The 
model parameters are tuned to match the characteristics of actual cricket ball impacts. Experimental data available 
from existing literature is used for this purpose. A few typical deliveries are simulated and analyzed to showcase the 
capability and effectiveness of this simulation model for cricket.  
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The motion of a cricket ball has many aspects associated with it. Apart from the most obvious and 
well-researched aerodynamics of the motion, it involves high speed impacts with the playing surface 
(pitch) and the bat. At the very basic level, these impacts can be modeled using Coulomb friction and a 
coefficient of restitution. These models assume that the contact happens only at a single point with time 
frozen and the frictional force magnitude is independent of the sliding velocity 0.  However, the actual 
impact is not a point contact event and for accurate simulation results, neither the ball nor the pitch can be 
assumed to be completely rigid and uniform. Furthermore, impact modeling methods based on coefficient 
of restitution cannot accurately simulate situations like a spinning impact on soft terrain or with a partial 
corner of the bat. Finite element methods can be used to simulate these events, but they are often 
computationally expensive. To simulate the pitch-ball interaction, it is therefore advantageous to use 
volumetric contact methods that result in a model with reasonable fidelity without the computational 
burden of a finite element approach. 
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In this paper, a modeling and computational framework is presented that can simulate the three-
dimensional motion of a cricket ball. The impact of the ball with the pitch is modeled using a volumetric 
approach. It is used to evaluate the normal force, the torques resisting the rolling motion, and the forces 
and torques due to friction acting on the ball during the impact event. The framework also includes effects 
due to aerodynamic drag forces and forces due to the Magnus effect. The entire framework is 
implemented in Maplesim™, a multi-domain, math based software for modeling and simulation.  
2. Volumetric Contact Model 
The impact of a cricket ball with the pitch has been modeled using empirical equations by Carre et. al. 
0, using a coefficient of restitution by Carre and Haake 0, and using finite element methods by Cheng et. 
al 0. These methods have their advantages and disadvantages. Finite element methods are highly accurate 
but computationally expensive. Empirical equations are non-portable, and methods involving coefficient 
of restitution and Coulomb friction simply can’t account for some of the basic dynamic effects observed 
in the motion. To address these problems, a volumetric contact model is used to simulate the impact 
between a cricket ball and the pitch. 
2.1. Normal force of reaction 
Volumetric contact model theorizes that the normal force of reaction between two solids is 
proportional to the volume of interpenetration and acts through the centroid of the said volume, Gonthier 
0. This method has been validated experimentally by Boos and McPhee 0.  In this approach the normal 
force of reaction between two solids in contact is given by the following expression: 
 1 n v cnF k V av (1)
where V is the volume of interpenetration, vcn is the velocity of the volumetric centroid of measured 
perpendicular to the contact patch, ‘a’ is the coefficient of damping and kv is the volumetric stiffness 
coefficient. For our analysis, we have assumed the cricket ball to be a perfect sphere. However, for non-
spherical shapes, numerical or analytical integration can be used to compute the volume of penetration in 
an efficient fashion.  
Since we have assumed that both the ball and the pitch are deformable, the volumetric stiffness 
coefficient is defined in terms of the individual stiffness coefficients as 
  v vBALL vGROUND vBALL vGROUNDk k k k k (2)
Figure 1 shows the diagram for the evaluation of the normal force. The shaded area is the volume of 
interpenetration and the dotted line shows an exaggeration of the shape of the ball during impact. The 
direction of the contact normal is dependent on the properties of the penetrated volume but for the 
interaction between a cricket ball and a level pitch, it is assumed to be aligned with the upward direction.  
2.2. Rolling resistance 
Since the reaction forces are dependent on the normal velocity, it can be clearly seen that these forces 
are not distributed evenly around the centroid of the contact volume. In figure 1, due to the angular 
velocity Zthe normal velocity of the volume element ‘B’ is greater than that of element ‘A’.  This makes 
the normal force acting at ‘B’ greater than that acting at ‘A’. This asymmetric distribution of normal 
forces gives rise to a net moment around the centroid ‘c’ opposing the angular velocity ZGonthier 0 has 
678   Joydeep M Banerjee and John J McPhee /  Procedia Engineering  34 ( 2012 )  676 – 681 
demonstrated that the rolling resisting torques act around directions perpendicular to the contact normal 
and for the present example can be expressed as 
  | 
  | 
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x v x x v x x
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z v z z v z z
k a J k a J
k a J k a J
W Z Z
W Z Z
 (3) 
In the above equation, ܬ௫௦ andܬ௭௦ are the x and z components of the surface inertia tensor. Gonthier 0 
has demonstrated that it can be approximated by the volume inertia tensor, which is easier to evaluate for 
a given contact volume. 
Fig. 1. Normal force and rolling resistance                                        Fig. 2. Contact surface and tangential force of friction 
2.3. Friction  forces 
Researchers have used Coulomb friction to model the tangential forces acting on a contact surface, 
Carre et. al. 0. However, it fails to address a basic phenomenon observed in the motion of a cricket ball. If 
a spinning ball is dropped on the pitch from a fixed height, with different rates of spin, it is observed that 
the post impact deviation of the ball’s trajectory is dependent on the initial angular velocity.  Since 
Coulomb friction force is independent of the magnitude of the sliding velocity between the two bodies, it 
is completely unsuitable for this purpose.  
Gonthier 0 has proposed a volumetric friction model which can account for friction forces that depend 
on the sliding velocity, demonstrate the Stribeck effect, account for spin friction, and is relatively easy to 
implement. The basic assumption for this approach is that the friction forces arise due to surface asperities 
of the bodies in contact pressing against and rubbing past each other. Conceptually this is visualized as 
the interaction between two surfaces with flexible bristles attached to them. Based on the volumetric 
normal force model, this approach calculates the tangential friction forces and spinning friction torque 
acting on the contacting bodies. The description of the complete friction model is too involved for this 
article. Detailed derivations and explanations for the model and the governing equations are given in 
Gonthier 0 and Boos and McPhee 0. Figure 2 shows the location of the contact surface and direction of 
the tangential friction forces. According to the volumetric model the tangential friction forces act in a 
plane that is perpendicular to the contact normal and located at a distance O from the point c along the 
direction of the contact normal. In terms of the average height of the contact volume hv the distance O is 
given as 
     2vGROUND vBALL V vGROUND vBALLk k h k kO     (4)
679 Joydeep M Banerjee and John J McPhee /  Procedia Engineering  34 ( 2012 )  676 – 681 
3. Aerodynamic Forces 
The aerodynamics affecting the motion of a cricket ball is not the prime focus of this paper. However, 
we have included some basic aerodynamic effects to make the simulation realistic. In this model, the 
aerodynamic drag forces and the forces due to the Magnus effect are included to demonstrate the 
capability of the modeling framework.  
3.1. Magnus effect and Drag forces  
Theoretical expressions can be used to predict the magnitude of drag forces on a cricket ball, assuming 
it to be a perfect sphere, Fox and McDonald 0. However, the aerodynamic behavior of a cricket ball 
significantly differs from that of a perfect sphere, Alam et. al. 0. In our model, we have used lookup 
tables to evaluate the drag coefficient Cd for a particular situation. The lookup table was constructed from 
experimental data available from literature, Alam et. al. 0.  The Reynolds number and the seam angle 
were used as inputs for the lookup table. Once the drag coefficient was obtained, the drag force acting on 
the ball is calculated using the following expression. 
  2 8drag d ball ballD CSU F v v  (5) 
In this model we have used theoretical expressions to evaluate the forces due to the Magnus effect 
acting on a cricket ball. Assuming the ball to be a perfect sphere, the Kutta-Joukowski theorem 0 derives 
the expression for force acting on the ball as 
 3 3 umagnus ball ballDSUF vZ  (6) 
In the above equations D is the diameter of the ball, r is the density of air, vball and Zball are the 
translational and angular velocity of the ball respectively. 
4. Results: Modeling in Maplesim 
The model has been implemented in Maplesim™, a commercial modeling tool that supports modular, 
component based modeling and simulation. The main benefit of using Maplesim™ is that it allows us to 
change the parts or the components of the model very easily. For example, the drag forces in this model 
are based on experimental data, which can be very easily changed to simulate a different ball, or a 
different weather condition. Similarly, the current Magnus effect model can be changed to include 
experimental data, which might make it more accurate. 
The normal force model parameters were tuned using experimental data available from Cheng et. al 0. 
Figure 3 shows the force-time plot for a ball substrate impact. The plots show that the model response 
matches the general profile of the experimental data. The slight discrepancies are probably due to the 
assumption about the perfect spherical nature of the cricket ball and non-linear effects that are not 
considered in the volumetric model.  
The tuning of the friction model was found to be difficult due to lack of suitable experimental data. 
However, we tuned some of the parameters using angular spin measurements provided by Carre et. al. 0. 
The effect of drag forces are demonstrated by the plot shown in Figure 4. The trajectory of the ball in 
presence of drag forces closely match with the results obtained by simulating the trajectory equation using 
a quadratic drag term, Coutis 0. 
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The plot clearly shows the effects observed in a top-spin delivery and how it can be used to control the 
trajectory of a cricket ball in the attempt to dupe a batsman.  
The trajectory plotted with a solid line had the same initial velocity but was delivered with no top-spin 
and was aimed with an initial launch angle of 4.8o. The figure clearly shows that the top-spin delivery 
bounces more than the non top-spin one due to its higher trajectory.  
Fig. 5. Leg-spin ball with different angular speeds                               Fig. 6. Different top spin deliveries
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